There is still debate on whether high uric acid increases bone mineral density (BMD) against osteoporotic fracture or bone resorption caused by gout inflammation. This study aimed to evaluate whether gout offers a protective effect on bone health or not. We conducted a nationwide population-based retrospective cohort study to evaluate the association between gout history and risk factors of fracture.
Introduction
Gout, a monosodium urate crystal deposition disease in various parts of the body, is the most prevalent form of inflammatory arthritis worldwide, causing substantial morbidity. [1, 2] Gout can be characterized biochemically using extracellular fluid urate saturation, that is, gout crystal forms and the precipitation increases once urate concentration exceeds 380 mmol/L. Hyperuricemia is a risk factor for gout, but gout can still occur when serum uric acid (UA) levels are low. [3] There are literatures debating that serum UA levels are associated with bone health. Mehta et al [4] reported that increased serum urate levels were associated with an increased risk of hip fractures in men. However, others showed that UA was a protective factor against the development of incident osteoporotic fractures (OFs) in men. [5] In addition, higher serum UA levels were negatively proportion to the incidence of nonspine fractures except hip fractures. [6] Hyperuricemia, which is different from gout, is a necessary but not sufficient predisposing factor for the development of urate crystal deposition disease. Because the protective effects of hyperuricemia on bone mineral density (BMD) are still uncertain, the comorbidities between gout cohorts with or without osteoporosis should be further analyzed. The prevalence of gout increased with age is in association with the primary risk factors of fracture. In summary, gout-induced poor bone health and increased risks of fracture are hence of great public health importance, particularly to the elderly. However, to our knowledge, literatures regarding gout, and bone health or fracture risks are still missing.
The aim of this study was to evaluate whether gout comprised protective effects on risk factors of bony fracture. We conducted a nationwide population-based retrospective cohort study and used the database from a universal insurance program to evaluate the association between gout history and risk factors of fracture.
Methods

Data source
The Longitudinal Health Insurance Database (LHID), which established by National Health Research Institutes (NHRI) in Taiwan, collected data from people covered with Taiwan National Health Insurance program (Taiwan NHI). Data collected for LHID were randomly selected and followed from a cohort of 1 million people covered by the national insurance program between 1996 and 2000. No statistical significance was found in the distributions of age and sex between the cohort in LHID and the Taiwan NHI enrollees. LHID involves claim data from Taiwan NHI, including registry of beneficiary, registry of prescription, registry of clinical visits, and hospital care as well as other medical services. The disease code recorded in the registry of clinical visits and hospital care was based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). To protect the privacy of people involved in the database, NHRI only released data with encoded identification numbers, so personnel without authorization would not be able to reveal or link any direct information to the enrollees. In addition, this study was approved by the Ethics Review Board of China Medical University (CMUH104-REC2-115).
Study population
To evaluate the prevalence of fracture in patients with gout, we selected a cohort of patients with gout and a comparable control cohort of normal subjects (without gout). The cohort of patients with gout (ICD-9-CM 274) was diagnosed between January 1, 2001 and December 31, 2009, and the age of definitive diagnosis was set >20 years old. The index dates of patients with gout were the dates of first definitive diagnoses. The comparison cohort was randomly selected from LHID enrollees without any histories of gouts, and the selection frequency was at 1:2 ratios of age and sex. Subjects in the comparison cohort and paired with matching cases were randomly assigned a month and day in the same year. Subjects that had a history of fractures before index date were excluded from both study cohorts. The end point was the incidence of fractures on the date of subject withdrawal or the end of the follow-up (December 31, 2011).
The primary outcome of the study was the individual event of the fracture (ICD-9-CM 800-829), and the hazard ratios of various types, including hip fractures (ICD-9-CM 820), vertebral fractures (ICD-9-CM 805), wrist fractures (ICD-9-CM 815), proximal humerus fractures (ICD-9-CM 812.0 and 812.1), other upper limb fractures (ICD-9-CM 810, 812-813, except for 812.0 and 812.1), and fractures of the thigh/leg/ankle (ICD-9-CM 821, 823-825) between the cohorts of gout and comparison group were also of great interests.
Confounding factors such as age, sex, and comorbidity were adjusted accordingly. The individual with comorbidity was the study subject with the history of comorbidity before the index date. The comorbidities included alcohol-related disorder ( 
Statistical analysis
The dichotomous variables, presented as number and percentage, included sex (male/female) and comorbidities (no/yes). Continuous variables, such as age, were showed as mean and standard deviation (SD) and analyzed using an independent t test. Nominal parameters such as sex and comorbidity were assessed using a Chi-square test. Kaplan-Meier method was applied to calculate the incidence densities of subsequent fractures and the cumulative incidence curves between gout cohort and comparison cohort. The differences of incidence curves between these 2 cohorts were analyzed using a log rank test. To investigate the associations between fracture and gout, the hazard ratios (HRs) and 95% confidence intervals (CIs) for patients with gout in comparison with subjects in the comparison cohort were estimated using crude and adjusted Cox proportional hazard models. SAS 9.4 software (SAS Institute, Cary, NC) was used to perform the analyses and R software (R Foundation for Statistical computing, Vienna, Austria) was used to figure the incidence curves. The significant level was set at less than 0.05 for 2-side testing.
Results
This study involved 43,647 patients with gout and 2-fold corresponding amount of comparison cohort (Table 1) . Because this was an age-and sex-matched study, the mean age was 50.9 years old (SD = 16.0) and the percentage of male subjects was 69.9%. The proportion of ESRD and Parkinson disease was lower among patients with gout than those among compassion cohort, but other comorbidities were significantly prevalent in the cohort of gout.
In this study, a total of 18,404 participants developed fracture events ( Table 2 ). The incidence of fractures was nearly 1.23-fold greater than that of comparison cohort (252 vs 205 per 10,000 person-years). The cumulative incidence curve of fracture was significant higher in gout cohort in comparison with control cohort ( Fig. 1 ) (log rank test, P < 0.0001). Individuals with increased age or a history of comorbidities were predisposing factors for fractures, and males had a lower risk of fractures than that of females. After adjusting age, sex, and comorbidities, the gout cohort had a 1.17-fold increased risk of developing fracture than those without fractures (HR = 1.17, 95% CI = 1.14-1.21). Table 3 shows the risks of fractures depending on locations between gout and comparison cohorts. Relative to the comparison cohort, the significant higher risk of vertebral fracture, other Table 4 shows the risks of fracture following the average frequencies of gout visits. Relative to the comparison cohort, the HRs of fractures among patients with gout at average visiting frequency <3, 3 to 8, and ≥9 times were 1.00 (95% CI = 0.97-1.03), 1.73 (95% CI = 1.63-1.83), and 5.97 (95% CI = 5.49-6.50), respectively. A significantly increased trend of fracture risk along with increased average times of gout visits was also found (P for trend <0.0001). Table 5 shows the risk of fracture among the gout patients receiving different antigout drugs. After adjusted for age, sex, comorbidity, and each anti-gout drugs, the HRs of fracture risk were 0.72 (95% CI = 0.67-0.78) and 0.71 (95% CI = 0.68-0.75) for allopurinol users and benzbromarone users, respectively. Both drug also revealed a decreased trend of fracture risk followed by an increasing allopurinol exposure (P for trend <0.0001) and benzbromarone exposure (P for trend <0.0001).
Discussion
The present study demonstrated an increased risk of fracture resulted from the history of gout, particularly in female individuals. Our result also revealed the risk of fracture in gout cohort with/without the presence of osteoporosis. In cases without osteoporosis, gout only increased the risk of fracture in spine and lower limbs, but those were insignificant in cases with osteoporosis. In cases with gout, patients receiving antigout drugs, allopurinol and benzbromarone, had lower risk of fracture. The cause-effect relationship between gout attack and the increased risks of fracture may be explained using inflammation-induced bone loss or accident hypotheses resulted from acute or chronic gout arthropathy.
Circulating inflammatory markers may be related to the changes in and the resorption of BMD among older adults. Zheng et al [7] reported that stimulated peripheral monocyte blood cells may be responsible for the correlations between the secretion of IL-1b, IL-6, and TNF-a and the BMD of lumbar spine. Polzer et al [8] also presented that interleukin-1 is essential for systemic inflammatory bone loss. While tophi formed, monocytes may contact with the crystals of monosodium urate monohydrate (MSU) and then phagocytosed by PMNs. IL-1b/IL-1R signaling is essential for MSU-induced inflammation. [9] Macrophage-or monocyte-released IL-1 within the joint may induce the expression of adhesion molecules, such as E-selectin and chemokines (e.g., CXCL8) to recruit other cells (e.g., neutrophils, endothelial cells, and fibroblasts) to the joint. [9] The inflammatory cascades during gout attack may produce increased levels of proinflammatory cytokines such as IL-1b, and then leads to bone resorption. IL-1b is a strong stimulator of in vitro and in vivo bone resorption. [10] [11] [12] IL-1b not only upregulates the production of RANKL and enhances its activity, but also stimulates osteoclastogenesis. [13] The activation of RANKL-RANK induces the expression of c-Fos, and subsequently promotes nuclear translocation of Jun proteins and NFATc1. [14, 15] These effects further promote osteoclast differentiation, activation, survival, and thus leading to bone resorption. [16] In addition, IL-1b increases prostaglandin synthesis in bone, [10, 17] which displays a potent resorption stimulus. [10] Moreover, IL-1b strongly decreased new bone formation by upregulating Dickkopf-related protein 1 (DKK1) and sclerostin (SOST), which may downregulate osteoblasts.
[17] In addition, uric acid itself has an impact on oxidative stress. Uric acid is a product of purine nucleotides catabolism, which can be catalyzed by liver enzymes such as xanthine oxidoreductase (XOR). XOR enables the oxidation of hypoxanthine. As a result, xanthine can be further oxidized to uric acid. [18] During the production of uric acid, which can be catalyzed by xanthine oxidase, excessive free radicals, and reactive oxygen species (ROS) are also generated as by-products. These ROS stimulate osteoclast differentiation and bone resorption in murine calvarial and bone marrow cultures as well as in osteoblasts/spleen cells cocultures by the stimulation of the osteoclastogenic nuclear factor-kappa b ligand (RANKL)-RANK signaling pathway. [19] Binding of RANKL to RANK initiates osteoclast differentiation/ activation, and thus is critical for their survival and promotion of bone resorption, and ultimately plays a role in pathogenesis of postmenopausal osteoporosis. [20, 21] Gout is more common in men than in women, but women become increasingly prevalent to gout after menopause. The increase level of ROS also explained hyperuricemia parallel with the decrease of estrogen levels. [22] Estrogens have systemic Table 2 Incidence of fracture and corresponding hazard ratio for study cohort. ALD = alcohol-related disorder, CAD = coronary artery disease, CI = confidence interval, COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, ESRD = end-stage renal disease, HR = hazard ratio, PYs = person-years, rate = incidence rate per 10,000 person-years. A multivariable Cox proportional hazards regression analysis was used, and the model was adjusted for age, sex, ALD, CAD, COPD, DM, ESRD, hypertension, osteoporosis, Parkinson disease, and stroke. antioxidant effects, [23, 24] and the protective effects on bones, especially E2, are deficient in menopausal status. [25] Study has proved that higher uric acid levels within the physiological range may be beneficial to BMD. [26] However, our data showed that gout itself increased the risks of fractures in lower limbs and spine, even in cases without osteoporosis. Dennison et al [27] presented that a very high urate level was associated with an acute, intense inflammatory arthritis, which was not beneficial to bone health. Gouty arthritis requiring allopurinol is associated with an excess risk of major or hip fracture. [27] Because gout most occurs over the lower limbs, the functions of lower limbs may be impaired and the risks of fracture may also be increased accordingly. [27] Even subjects did not meet the criteria of osteoporosis, gout inflammation may result in increased risks of spine fracture through bone resorption.
Our results revealed the importance of gout prevention and treatment for subjects with osteoporosis. Gout attacks are like glucosteroids, which can be used as a common therapy for inflammatory disease. There is no doubt about the deleterious effect of GC in bone metabolism by suppressing bone formation and enhancing bone resorption and thus increases the risks of fracture. [28] [29] [30] Therefore, the assessment of BMD or identify the Table 3 Incidence of fracture types and hazard ratios for study cohort. ALD = alcohol-related disorder, CAD = coronary artery disease, CI = confidence interval, COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, ESRD = end-stage renal disease, HR = hazard ratio, PYs = person-years, rate = incidence rate per 10,000 person-years. A multivariable Cox proportional hazards regression analysis was used, and the † model was adjusted for age, sex, ALD, CAD, COPD, DM, ESRD, hypertension, osteoporosis, Parkinson disease, and stroke while the ‡ model was adjusted for age, sex, ALD, CAD, COPD, DM, ESRD, hypertension, Parkinson disease, and stroke. * P < 0.05, the HR for comparison cohort vs gout cohort for the fracture types. Table 4 Incidence of fracture and hazard ratios for study cohort between different levels of gout visits. [45] reported that the transfer of the IL1Ra gene strongly reduced the early loss of bone mass occurring in responses to ovariectomy. However, no literatures regarding the changes in BMD or fracture risks after the use of IL-1 blockers were mentioned. Antioxidant supplements such as vitamin D and vitamin E can also play a role in preventing inflammation and osteoporosis in patients with gout. Vitamin D not only prevents bone resorption, but also has immune-modulatory and in vitro antiinflammatory properties. [46] [47] [48] Vitamin E, a potent antioxidant, is able to neutralize free radicals and inhibits COX-2; therefore may be able to suppress cytokine production and osteoporosis. [49] Among the 2 types of vitamin E, tocotrienolis is better than tocopherol due to the ability to suppress bone resorbing cytokines. [50] The strengths of this study included the use of populationbased data that were highly representative of a general population. However, several factors limited this study. First, the National Health Insurance research database (NHIRD) does not contain detailed information regarding BMI, smoking habit, alcohol consumption, BMD, and serum uric acid data, which may be considered as relevant data involving risks of fracture. Second, our study proved a decreased trend of fracture risk followed by the use of allopurinol or benzbromarone, which reflects that regular gout control decrease risk of fracture. But we could not assess other novel medication, such as IL-1 inhibitor due to not current indication in gout therapy by Taiwan NHI regulation. Third, the evidence derived from a retrospective cohort study was generally lower in statistical power than that from randomized controlled trials because of potential bias related to confounding variables adjustments. However, this analysis derived from a very large, well-represented data set, which provided a clear assessment of fracture among patients with gouty arthritis. Therefore, further studies using osteoporosis as another outcome measure is needed.
Conclusions
While there is still debate on the protective effects of high uric acid on BMD, our study revealed that gout increased the overall risks of bony fractures, especially for females and those with fractures in the spine/lower legs. The treatment of gout should include fracture evaluation, prevention, and antioxidant supplementation as well as different classes of drugs that are approved for gout and osteoporotic prevention, including further medications such as interleukin-1 antagonists. Table 5 Incidence of fracture and multivariate Cox proportional hazards regression analysis measured hazard ratio for different antigout drugs in gout patients. ALD = alcohol-related disorder, CAD = coronary artery disease, CI = confidence interval, COPD = chronic obstructive pulmonary disease, DDD = defined daily dose, DM = diabetes mellitus, ESRD = end-stage renal disease, HR = hazard ratio, PYs = person-years, rate = incidence rate per 10,000 person-years. A multivariable Cox proportional hazards regression analysis was used, and the model was adjusted for age, sex, ALD, CAD, COPD, DM, ESRD, hypertension, osteoporosis, Parkinson disease, stroke, and each drugs.
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